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[Abstract] 
Objective 

The sampling of a trace amount of blood can be carried out in a painless manner using a 
small and low-cost device. 
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Constitution 

The device comprises a multineedle structure having a multiple number of hollow 
needles of a microscopically small diameter and pressure-varying means which make it possible 
to change the pressure inside the hollow needles.* 

//Insert the figure.// 



Claims 

1. A blood-sampling device characterized by comprising a multineedle structure having a 
multiple number of hollow needles of a microscopically small diameter and pressure-varying 
means which makes it possible to change the pressure inside the hollow needles. 

2. The blood-sampling device of Claim 1, wherein the multineedle structure has a hollow 
structure. 

3. The blood-sampling device of Claim 1 or 2, wherein the pressure-varying means is a 
flexible membrane. 

4. The blood-sampling device of Claim 3, wherein the membrane is deformed using an 
installed deformation-inducing mechanism. 

5. The blood-sampling device of Claim 4, wherein the membrane comprises multiple 
materials having different thermal expansion coefficients, and the deformation-inducing 
mechanism is a heat-generating mechanism which generates heat. 

Detailed explanation of the invention 
[0001] 

Industrial application field 

This invention pertains to a blood-sampling device used for sampling blood from the 
bodies of humans, animals, etc. 



* [Translator's note: there are several typos in the original text (wrong characters-probably erroneous "Kanji 
conversion"), which have been corrected.] 
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[0002] 
Prior art 

It has become possible in recent years to achieve the objectives of many blood tests using 
trace-quantity samples because of advances in the technology for detection of substances in 
blood. In the case of trace quantity blood sampling of several microliters, a glass micropipette 
having a tip of microscopic shape and diameter (about 20 |im) is used. The blood sampling is 
carried out by inserting this micropipette into a capillary blood vessel. Because of sparsely 
distributed capillaries, the skin surface is observed under a microscope, the micropipette is 
positioned while observing a capillary between an artery and vein in a viewing field of the 
microscope, and it is inserted for blood sampling. The distribution of human punctum dolorsum 
is sparse, and the insertion of a microscopic-diameter micropipette causes no pain at all. These 
are the procedures which have been used to carryout painless blood sampling of trace quantities. 

[0003] 

Problems to be solved by the invention 

The previous method described above required special devices such as an observation 
device for the skin surface, a micropipette positioning device, etc., causing a problem of being 
too expensive as well as too large. This invention has been carried out considering the problems 
of the prior art, and its objective is to provide a blood sampling device which is small and 
low-cost and to make it possible to carry out painless sampling of a trace amount of blood. 

[0004] 

Means to solve the problems 

The inventor of this invention found that if it was equipped with multiple hollow needles 
having a microscopically small diameter (such as a micropipette) for blood sampling, one of 
those hollow needles could hit a capillary blood vessel, making blood sampling possible, and 
arrived at this invention. Therefore, the blood sampling device of this invention, first of all, 
comprises "a multineedle structure having multiple hollow needles of a small diameter and a 
pressure- varying means which makes it possible to change the pressure inside the hollow needles 
(Claim 1)."] 

[0005] 

Furthermore, it is preferably configured secondly so that "the multiple needle structure 
has a hollow structure (Claim 2)." It is preferably configured thirdly so that "the pressure-varying 
means is a flexible membrane (Claim 3)." In addition, it is preferably configured fourthly that 
"the membrane is deformed using an installed deformation-inducing mechanism (Claim 4). M 
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[0006] 

Furthermore, if the membrane is prepared with multiple materials having different 
thermal expansion coefficients, it can be deformed by applying heat. Therefore, it is preferably 
configured fifthly so that "the membrane comprises multiple materials having different thermal 
expansion coefficients, and the deformation-inducing mechanism is a heat-generating 
mechanism which generates heat (Claim 4 [sic; 5])." 

[0007] 
Operation 

The blood sampling device of this invention uses a multineedle structure with hollow 
needles having a microscopically small diameter allowing any of these multiple hollow needles 
having a microscopically small diameter to hit a capillary blood vessel and enabling it to remove 
a blood sample from that optional hollow needle inserted into the capillary, and consequently it 
is possible to carry out painless blood sampling of small quantities without using an expensive 
and large device equipped with a device for skin surface observation, a micropipette positioning 
device, etc. 

[0008] 

Furthermore, the diameter of the hollow needles is microscopically small, making it 
possible to carry out blood sampling with hardly any pain. In addition, if the elastic part for 
changing the pressure inside the hollow needles having a microscopically small diameter is 
prepared as a membrane, it is possible to form the membrane and hollow needles having a 
microscopically small diameter as a single body by utilizing technology for the production of 
semiconductor devices. 

[0009] 

In addition, if the membrane is configured to reduce the pressure inside the multiple 
hollow needles having a microscopically small diameter at the time of heating using multiple 
materials having different thermal expansion coefficients to prepare it, blood sampling can be 
carried out using a thermal change. As a deformation-inducing mechanism allowing the 
membrane to deform, a microheater, etc., is used in the case of thermal deformation as described 
above, and an actuator such as piezoelectric element, hydraulic cylinder, air-pressure cylinder, 
electromagnetic motor, etc., is used in the case of mechanical deformation. In addition, it is 
possible to utilize the pressure from a human finger to achieve deformation. The membrane 
deformed using such a deformation-inducing mechanism tends to return to the state before 
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deformation when the heating by a heater or an external force (deformation force) is removed, 
thus, the pressure inside the multiple hollow needles having a microscopically small diameter 
can be reduced, making it possible to sample blood through an optional hollow needle inserted in 
a capillary. 

[0010] 

This invention is explained specifically in detail using application examples as follows, 
but this invention is not necessarily limited to these examples. 

[0011] 

Application examples 

Figure 1 is a schematic cross-sectional drawing showing the blood sampling device of the 
first application example of this invention. This blood sampling device comprises a multineedle 
structure 1 having multiple hollow needles 11 of small diameter, membrane 12, retaining 
mechanism 2 and microheater 3, and it has a holder 4 installed so that the blood sampling device 
can be held by a person. 

[0012] 

The multineedle structure 1 and membrane 12 are formed as a single body, and the 
retaining mechanism 2 holds the multineedle structure 1. Furthermore, the membrane 12 has a 
double-layered structure, and the layer on the hollow needle side is made of Si, and the layer on 
the other side is made of Au. Si is a material having a thermal expansion coefficient less than 
that of Au (Si: 2.6 PPm [expansion unknown]/°C, Au: 14.2 PPm/°C). 

[0013] 

In such a device, the hollow needles 1 1 are pressed against and inserted into the skin 
surface. Subsequently, the microheater 3 is allowed to generate heat causing the membrane 12 to 
be deformed in the direction which increases the volume of the hollow structure, and blood can 
be sampled as a result of the negative pressure inside the hollow structure and hollow needles. A 
method for the production of this blood sampling device is explained by referring to Figure 2. 
Figure 2 shows drawings showing a method for the production of the multineedle structure and 
membrane in this application example of this invention. 

[0014] 

A, 900 \xm thick 100 plane-oriented single crystalline silicon substrate 21 was prepared 
as the first substrate material, and the first silicon nitride film 22 was coated on both sides of the 
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substrate 21 using the low pressure vapor phase growth method. Subsequently, many squares of 
about 30 jam were partially removed from the silicon nitride membrane by carrying out dry 
etching (Figure 2a). Subsequently, the silicon substrate 21 portions were dry-etched to form 
holes about 500 \im deep. The holes were formed 50 holes vertically and 50 holes horizontally, 
that is, a total of 2500 holes with 150 |im intervals. Subsequently, the second silicon nitride film 
23 was formed (Figure 2b). 

[0015] 

Subsequently, the silicon nitride film 22 on the back side was partially removed, and 
405 ^m of the first silicon substrate 21 was etched using an anisotropic etching solution such as 
potassium hydroxide solution, exposing the silicon nitride film 23 formed at the bottom portion 
of the holes (Figure 2c). Subsequently, the exposed portions of the silicon nitride film were 
removed by carrying out the dry etching method, and anisotropic etching was carried out again to 
etch the first silicon substrate to a thickness of 50 fim (Figure 2d). 

[0016] 

Subsequently, a membrane 12 about 10 \im thick is formed on the 2 nd silicon substrate 25 
by carrying out anisotropic etching, and a 100-200 nm thick film of Au is formed on one side 
(side without any anisotropic etching). The anode bonding of this 2 nd silicon substrate 25 on the 
1 st silicon substrate was carried out using a bonding layer 24 comprising glass (Figure 2e). 

[0017] 

Subsequently, a dicing saw was used to start cutting the 2 nd silicon substrate from the side 
of the hollow needles 1 1 with a thick blade, and then the blade was changed to a thin blade to 
continue cutting till the 2 nd substrate could be separated to form a multineedle structure having 
step portions 26 on the second silicon substrate. The multineedle structure 1 formed in this way 
and membrane 12 prepared as described above were used to constitute the blood sampling 
device. 

[0018] 

In this case, the diameter of the hollow needles 1 1 is about 30 |im, and the thickness is 
about 1 jim. Consequently, they cause no significant pain. Furthermore, the multineedle structure 
can be prepared using conventional semiconductor production technology, and consequently it 
can be produced at a low cost. In the first application example, the microheater 3 is used to 
generate heat, but it is also possible to generate heat by allowing an electric current to flow 
through the metal layer (Au) formed on the membrane 12. 
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[0019] 

Furthermore, the formation of an Au layer is not necessarily limited on the top of the 
membrane 12 as in the first application example, and it may be formed at the bottom of the 
membrane 12. In this case, the membrane 12 is deformed in the direction which reduces the 
volume of the hollow structure by applying heat, and by removing this heat it is possible to carry 
out blood sampling. Figure 3 is a diagrammatic cross-sectional drawing showing a blood 
sampling device in the 2 nd application example of this invention. 

[0020] 

The multineedle structure 1 and membrane 36 were prepared using the same procedures 
as those used in the first application example. However, the membrane 36 was different from the 
membrane 12 and had no Au film formed. The multineedle structure was attached to a support 
35 using a clamp 31 which could rotate around an axle joint 32 and spring 33. The membrane 36 
of the multineedle structure 1 was deformed in the direction which reduces the volume of the 
hollow structure of the multineedle structure 1 by operating an air-pressure cylinder 34 using 
compressed air. The quantity of this deformation was to be determined depending on the amount 
of blood sampled, and in this application example the indent at the center of the membrane was 
set at 50 ^m. 

[0021] 

The blood sampling device in the state described above was placed and pressed against 
the skin surface of rabbit ear or a human's left arm so that the hollow needles 1 1 were inserted. 
Subsequently, the air-pressure cylinder 34 was pulled, allowing the membrane to return to the 
initial state. To allow the membrane to return to the original state before deformation, an external 
force may be applied, or it may be allowed to return naturally to the original state by utilizing the 
spring-like nature of the membrane. The amount of blood sampled inside the multineedle 
structure 1 by carrying out the above procedures was measured, and as a result, 2 \iL of blood 
was found in the sample with hardly any pain. 

[0022] 

As explained above, the multineedle structure and membrane can be formed as a single 
body by utilizing semiconductor production technology, making it possible to manufacture a 
large quantity at a low cost. Incidentally, the multiple microscopically small hollow needles may 
be multiple glass micropipettes. Furthermore, the diameter of such hollow needles is preferably 
in the range of 10-50 ^m. 
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[0023] 

Effect of the invention 

As explained above, this invention does not require the expensive components such as a 
skin surface observation device, micropipette positioning device, etc., required in the prior art, 
consequently it is small and low-cost, and it is possible to carry out painless blood sampling of a 
trace quantity. 

Brief description of the figures 

Figure 1 is a schematic diagram illustrating the blood sampling device disclosed in the 
first application example of the present invention. 

Figure 2 is a diagram illustrating one example of the process for the production of the 
multineedle structure and membrane that constitute the blood sampling device disclosed in the 
application example of the present invention. 

Figure 3 is a diagram showing a blood sampling device disclosed in the second 
application example of this invention. 

Explanation of the reference symbols 

1: multineedle structure, 2: retaining mechanism, 3: microheater, 4: support, 11: hollow needle, 
12: membrane, 21: first silicon substrate, 22: silicon nitride film, 23: silicon nitride film, 24: 
glass film, 25: second silicon substrate, 26: step, 31: clamp, 32: axle joint, 33: spring, 34: 
cylinder, 35: support 



Figure 1 



Figure 2 



Figure 3 



